This study used GIS to analyse various visitation sequence and routes for tourist sites in Lokoja considering multiple scenarios. This was done with a view to determining the most efficient visitation sequence vis-à-vis the routes for optimizing the overall visiting time and distance for the various scenarios considered. The main datasets used were the transportation network and the geographic coordinates of the tourist sites. These were collected through a comprehensive field survey of the study area. The ArcGIS 10.1 Network Analyst Extension was the main software used for this analysis. Five scenarios were considered comprising open and closed tours as well as Sequential Ordering Problems (SOP) and non-SOPs. In addition, for the first and second scenarios, an auxiliary scenario was considered that featured a hypothetical road block on an important arterial route. The fifth scenario considered the implication of a hypothetical flooding of some road sections along the bank of the River Niger. Furthermore, for each scenario, there were two optimization solutions: One that optimized the distance covered in visiting all the tourist sites and the other that optimized the time duration required to complete the site visitations. Optimal visitation sequences were determined by the network analyst as part of the solution of the respective scenarios. Sensitivity analysis was also performed to compare the consequences of time savings vis-à-vis distance savings across the various scenarios. In addition to the detailed navigation map produced for each scenario, a comprehensive navigation description guide was derived. The study reveals that scenarios where the site visitation sequence were optimized saved both time and distance markedly compared to scenarios with a predefined site visitation sequence. In all cases, shorter visitation durations were associated with time-optimized scenarios compared to distance-optimized ones while shorter visitation distances were 
Introduction
Information plays a very important role in the travelling decisions of individuals [1] [2] . This role have been investigated in several contexts [3] including route guidance [4] , provision of tourist information [5] and highway congestion and incident related information [6] . In itinerary planning for performing daily activities, determining how and when to reach activity locations in an efficient way considering constraints of decision making is an important issue people are faced. Tourism is a typical application of this problem. Planning a travel route before starting the travel is a common requirement of a tourist [7] . This becomes a necessity where more and more people tend to travel to unfamiliar places in local and foreign countries. Maps become a vital component of travel planning. Whether finding a simple route between two locations or one that visits several locations, people usually try to take the best route. But best route can mean different things in different situations. The best route can be the quickest, shortest, or most scenic route, depending on the impedance chosen. Travelling to a tourist attraction can be understood based on two tour segments; 1) travel to the destination and 2) travel within the destination. Travelling within the destination may involve visiting several places of interests, restaurants, hotels etc. which needs to be visited in one tour. The destination can be reduced to a city for easy interpretation. Before tourists embark on a visit of multiple potential sites (especially within a destination), it is often the case that they have a plan of their intended visits especially for unfamiliar tourist sites. Such visitation plans are often called itineraries. Itineraries that are manually made are often grossly inefficient as there are usually very poor bases for making decisions of what the optimal routes to take are as well as what the best visitation sequence of sites should be.
As a consequence, there is the attendant increase in cost as well as a reduction in other service productivity measures. Furthermore, where time-sensitive site visitation is required, there is no guarantee of timeliness. Hence, there is the need to employ the more efficient methods of multi-site tour planning offered by GIS.
GIS have been increasingly used as an efficient tool for a wide range of applications over the past decade including emergency response and transportation planning and management. GIS has evolved beyond the initial stages of data management and mapping, and have advanced into spheres such as modelling and analysis, thus facilitating spatial decision making. GIS technology offers great opportunities for the development of modern tourism applications using maps. Tourists who want to visit the sightseeing destination need to have information and visual representation about those places with the help of GIS tools.
This technology integrates common database operations such as query with the unique visualization and geographic analysis benefits offered by maps [8] . Determining the shortest and best route between the various tourist places from their accommodation is beneficial for tourist in terms of time and economy. The generation of optimal routes for visiting multiple tourist sites is enabled by network analysis. Network analysis is the burgeoning field in tourism for better planning and development. Network analysis is also invaluable for the management of network facilities like utility/transmission lines/cables, transport systems, retail store planning and also for tourism route planning. GIS enabled network analyses help the tourist to plan and view spatially the routes to visit tourist places in the shortest time and distance. Hence, travel-related agencies may develop well-designed, informative and ready-to print maps to enhance visitors' travel experiences. GIS can make it easier for visitors to find their way around their destinations. Using the Internet, it is possible to provide prospective visitors with visualizations of the desired destination. Combining photos, sounds and video clips with mapping technology, visitors can plan their trips ahead of time [9] . Hence, GIS is very useful for the management, analysis and visualization of the spatial and temporal components of transportation systems and in trip patterns [10] [11].
Route planning has been an active research area in transportation and logistics. Traditional route choice involves finding the shortest or the fastest route between any two given points [12] . The shortest route is obtained by minimizing the distance between the origin and the destination point; while the fastest route is obtained by minimizing the travel time between those points. The travel time between any two given points A & B is stochastic in nature (ibid). It may depend on many variables such as traffic on that route, congestion, traffic incidents, weather, scenic beauty etc. Any cost attribute can be chosen as the impedance, which is particularly minimized while determining the route [13] . If the impedance is time, then the best route is the quickest route. Hence, the best route can be defined as the route that has the lowest impedance, where the impedance is chosen by the user. Any valid network cost attribute can be used as the impedance when determining the best route [14] . Furthermore, the fastest route during off-peak hours may not be the fastest route during the peak hours.
Several attempts have been made to integrate different models into GIS and combine GIS with the development of Intelligent Transportation System (ITS) [15] . Bi-level Genetic Algorithm (GA) and Geographic Information System (GIS) was used to derive a route in a given transportation network which satisfy multiple objectives such as, minimal cost, minimum travel time, etc [16] . Using Dijkstra's algorithm, a route planning methodology of an Advanced Traveller Information System (ATIS) was developed and successfully implemented for the Vilnius city [17] . ATIS is very important as it presents information on real time traffic which can be used to predict traffic congestion thereby allowing travellers to make better decisions for their trip based on their preference of shortest or fastest route. A Standard ESRI ArcGIS Server Network extension was setup which enabled users to perform real-time optimal route calculation tasks via a WEB based information systems application. The WEB application allows users to input their trip information and also allows them to include restrictions on their trip (e.g. travelling from A to C with a stopover at a point B). When submitted it shows the optimal route (both fastest and shortest) on a GIS map and it also gives public transport as an alternative option for the trip.
Enhancements to the capacities of existing GIS software makes the planning of multi-site visits expedient under the category of problems often dubbed the Shortest Path (SP) problem and the Travelling Salesman Problem (TSP). The classic SP problem consists of finding, in an oriented graph, a feasible path that links a given origin node to a given destination node and minimizes the sum of its arc costs [18] . Computer-based trip planning frequently employs optimal path (or shortest path) algorithms. Typical algorithms for computing shortest paths are those of Dijkstra [19] , Dantzig [20] and Bellman Ford [21] . Other SP algorithms include the A* algorithm. Several other algorithms exist for finding shortest paths between two known locations, based on different cost factors;
hence, when faced with the task of computing shortest paths, one must decide which algorithm to choose [22] . The development, computational testing, and [29] is the most comprehensive. Incidentally, most GIS packages do not provide information on the algorithms used for this class or any similar network analysis problems, nor references to indicate the procedures used [30] . Only the experience of using a particular implementation will confirm the nature of its behaviour, both in terms of computational complexity (time and space) and quality (optimality).
SP analysis is a subset of a more general class of problems known as the Traveling Salespersons Problem (TSP) [31] . Given a set of vertices and symmetric or asymmetric distance matrix for each pair of vertices, the TSP seeks to find a Hamiltonian circuit of minimal length (cost). If certain nodes must be visited before others, the task is known as a Sequential Ordering Problem (SOP); but whichever the case, typically the start location (vertex) is pre-specified. TSP involves making a tour of every vertex in a given set, (returning to the starting point,) such that the tour length/time is minimized. The two types of tours associated with the TSP are the closed and the open tours [30] . An open tour is a connected series of shortest paths from 1 -2, 2 -3, and finally 3 -4. It can also be seen as a shortest path from location 1 to location 4, with the constraint that the route must go via locations 2 and 3-a very common requirement. A closed tour, returning to location 1, could have been generated by adding a shortest path from location 4 to 1. The foregoing tour may not optimal for the sequential condition (1 -2 -3 -4), rather another sequence (say 1 -4 -3 -2) may be optimal if the sequential condition is dropped. TSP is one of the main contemporary research problems that are very valuable with transportation networks. Applications include: salesmen visiting customers; rubbish trucks servicing business premises; delivery trucks servicing retail outlets; security staff patrolling premises and many more. Wijesinghe [7] presents an evaluation of the Dijkstra and TSP algorithms.
The objective of the optimal travel scenarios of this article is to minimize the sum of the travel distance or time required to visit the tourist sites in either a predefined or optimal order. This includes analysing various scenarios by which the various tourist sites in Lokoja could be visited. This is done with the view to demonstrating how GIS could be employed in planning efficient multi-site visits, with the attendant benefits highlighted in various section of this article. The conventional Traveling Salespersons Problem (TSP) algorithms are applied to a geo-enabled transportation network to find the optimum paths and optimum sites' visitation sequence.
This article will answer the following questions for each of the five different scenarios: how should tourists be routed optimally through the transportation network in order to optimize distance or time (this involves producing navigation direction guides for each scenario)? what distance/time will a tourist cover/spend in visiting all the tourist sites? what is the optimal visitation sequence for visiting all the tourist sites in the least possible time/distance; should there be a road block or flooding on an important connecting route on the transportation network, what other alternative routes are optimal to complete the site visitations?; how do the various scenarios compare and contrast to one another. Furthermore, In addition to a map of the resulting optimal route for each scenario, details of the travel distances and costs for each scenario will be presented and discussed.
The remainder of this article is organized as follows: a discussion of the properties of a network dataset in ArcGIS forms an important conceptual basis upon which a lot of subsequent analysis is based; a brief description of the study area follows; then the data types and data sources are described. The method by which the data were analysed is explained, followed by a presentation and discussion of results of the analysis; done for each scenario.
The Properties of a Network Dataset in ArcGIS
The network datasets are the data source which are used to do the Network Analyst in ArcGIS. It is created from various feature or types of data source which participate in this network. Besides, this network datasets incorporates an advanced connectivity model that is used to show complex scenarios, for example, the multimodal transportation networks [32] . The attributes of network datasets identify impedances, restrictions, and hierarchy of the network. The components of network datasets are usually lines, points and turns. These translate into the three kinds of network elements: edges, junctions, and turns. Edges are elements that connect to other elements (junctions). Junctions connect edges and facilitate navigation from one edge to another. Turn elements record information about movement between two or more edges [33] . Connectivity in a network dataset is based on geometric coincidences of line endpoints, line vertices, points and connectivity rules that you set as properties of the network dataset [34] .
ArcGIS Network Analyst can find the best way to get from one location to another or the best way to visit several locations. The locations can be specified interactively by placing points on the screen, by entering an address, or by using points in an existing feature class or feature layer. In this way, the user can determine the best route based on a pre-specified order of locations. Alternatively, ArcGIS Network Analyst can determine the best sequence to visit the locations.
Network attributes are properties of the network elements that control traversability over the network [35] . Examples of attributes include the time to travel a given length of road, which streets are restricted for which vehicles, the speeds along a given road, and which streets are ruled only one-way. Turns can be made at any junction where edges connect. There are n 2 possible turns at every network junction, where n is the number of edges connected at that junction [36] .
Even at a junction with a single edge, it is possible to make one U-turn.
The Study Area
Lokoja, the capital city of Kogi State, Nigeria is the study area for the article. It is located between Latitude 7˚45'2"N -7˚51'22.5''N and Long 6˚41'19''E -6˚45'00''E;
see Figure 1 for the map of the study area. It was chosen because of its popularity as a site of tourism especially of some famous European colonial monuments like those listed in Table 1 . Also, as accelerated urban expansion are current urban concerns in the town, the existing roads have become congested. Table 1 shows the names that correspond to the alphabets denoting the tourist sites in the study area as depicted in Figure 1 .
Data Types and Sources
The transportation network dataset and the geographic coordinates of the tourist sites were the main datasets used for this research. Relevant attributes of the transportation routes like road type and road name were also captured in the transportation network map. The coordinates of each of the tourist sites of interest together with the name of such sites was also documented. Both datasets were collected by a comprehensive fieldwork of the study area (in 2013) using a handheld Global Positioning System (GPS) receivers.
Method of Data Analysis
The ArcGIS 10.0 desktop software was the main analysis software used; the research specifically relied on the network analyst suite of the same software. The Figure 1 . Map of the study area showing the locations of the tourist sites. Table 1 . Names and coordinates of the tourist sites in the study area (see also Figure 1 ). ArcGIS was used the model the transportation route, analyse the optimal routes connecting the various tourist sites under the scenarios considered as well as produced maps that show the results of the various analysis conducted. The Mi-crosoft Excel 2013 software was also used in collating and presenting some of the statistics relevant to this project. Five scenarios were considered to guide potential future tourists in decision making as regards tourist site visitations in Lokoja. These scenarios are presented and discussed in the subsequent section. The multiple scenarios also helped to analyse the robustness of the transportation network model developed. In all cases, optimization was done for time and distance. The cumulative distance and time for each scenario were analysed and details of the respective routing directions were documented. Hypothetical average speeds for the different road types in the study area were modelled as attributes of the network dataset as follows: express roads, 80 km/h; major roads, 60 km/h and minor roads, 40 km/h.
Presentation and Discussion of Results
The summary of the findings of the different scenarios is presented on Table 2 . The "b" versions of the respective scenarios are options wherein a hypothetical road block scenario was considered. For each scenarios, distance-optimized as well as time-optimized versions were presented. For most scenarios, the cumulative distance covered for distance-optimized versions were shorter than those covered by the time-optimized versions. Conversely, the cumulative time duration associated with the time-optimized scenarios was shorter than those for the distance-optimized scenarios. Overall, the shortest distance required to complete visiting all the tourist sites was 15,897.20 meters recorded by the second scenario (a closed non-SOP) while the shortest time duration required to complete visiting all the same tourist sites was 17.69 minutes recorded by the same second scenario. As expected, it was also observed that in addition to the gains (savings) associated with the distance and time optimizations, there were better savings (or gains) in both time and distance when the visitation sequence of the tourist sites were optimized (i.e. non-SOPs as determined by the network analyst software extension) as compare to the savings associated with scenarios of a predetermined visiting sequence (SOPs). Of all the scenarios, the greatest distance and time savings achieved were 227.87 meters and 0.46 minutes respectively, both of which were recorded by the first scenario (with a road block considered). especially when a scenario entails optimizing the visitation sequence of the tourist sites in the tour (i.e., non-sequential ordering problems). Hence, for all scenarios (but the last-Scenario 5) that were closed tours and SOPs, the only university in the study area (i.e. the Federal University, Lokoja) was hypothetically predetermined as the commencement and finishing point for the tours. Note that this location was not one of the tourist sites and so any other place like a hotel, a private residence, an entry point into a city, a restaurant etc. could be specified instead. Scenario 5 was an exception to this criteria because it was an open tour, so the tourists were hypothetically assumed to finish their tours enroute Abuja.
Scenario 1: This is an SOP as well as a closed tour. As shown in Figure 2 and Figure 3 and the associated statistics presented in Table 2 ; the time-and distance-optimized versions of this scenario produced different results. Hence, the routes traversed in visiting all the tourist sites in a predetermined order for the distance-optimized version are different to those of the time-optimized version. Scenario 2: This is a non-SOP as well as being a closed tour. In Figure 4 is a graphical rendition of the result of this scenario. Notice that the optimal visitation sequence remained identical for both the distance-and time-optimized versions. For the current scenario, the first tourist site visited when setting out from The initial part of the comprehensive navigation directions guide for this scenario was presented in Figure 6 . Notice the details of turn directions for each junction on the navigation routes to the tourist sites; the names of all the navigation route; the distance and travel duration for each route segment and the map inset for every tourist site once reached. This is a very interesting feat of GIS-enabled optimal tour plans that make GIS an invaluable technology in itinerary planning and similar applications as buttressed in other sections of this article.
A further thrust to this second scenario is the introduction of a hypothetical road block on an important connecting route (see Figure 4(b) ). Among other things, this scenario helped to support the assertion made in the preceding discussions that once the visitation sequence is optimized (especially when the take-off and arrival points are predefined -i.e. non-SOPs), the results for time and distance optimizations are often almost identical in terms of the actual routes taken, the cumulative distance involved as well as the respective cumulative visitation time. The routes traversed and the associated site visitation sequence for this scenario is presented in Figure 4 . With a predetermined visitation sequence of the tourist sites, the routes for the distance-and time-optimized versions is graphically depicted in Figure 7 (a).
Notice that the optimal routes to traverse in visiting all the tourist sites changed considerably between the distance-and time-optimized versions as shown in 
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and 18.40 minutes were the distance and time respectively required for the distance-optimized version; while 16,841.09 meters and 18.13 minutes were the distance and time respectively required for the time optimized version. In Figure 8(b) is a graph that shows the distance-time relationship for this scenario in visiting the various sites on the tour while also comparing the distance-and time-optimized versions in more details.
As with previous similar scenarios, while the distance-optimized version required a shorter cumulative distance than the time-optimized version; the timeoptimized version required a shorter travelling time than the distance-optimized version. However, for distance-and time-optimized non-SOPs, these differences in the associated cumulative travel distance and time were not so much as compared to SOPs. Furthermore, as previously observed, a comparison between scenarios 3 and 4 shows that scenarios wherein the site visitation sequence were optimized (i.e. non-SOPs) yielded better results (in terms of savings in both distance and time), than SOP scenarios; hence, the last scenario is a non-SOP. These results also show that for SOPs, the differences in the cumulative travelling distance and duration for distance-and time-optimized versions would very minutely depending on the configuration of the transportation network as well as the spatial distribution of the tourist sites. Also, this scenario showed an instance wherein because of flooding, a potential tourist site was cut-off access for visitation. Several other factors could also cause the inaccessibility of certain sites; hence, optimal tour planning in a GIS environment could aid in determining which site could become inaccessible under certain circumstances (especially during disasters).
Summary of Findings from the Various Scenarios
In addition to optimizing the travelling routes, distance and time; scenarios whereby the visitation sequence were optimized (i.e. non-SOPs) generally produced far better savings in distance and time than scenarios that were SOPs.
Also, whenever there was a barrier (e.g. a road block or flooding) on a major connecting route for the sites visits; the required visitation distance and time became longer even if the visitation sequence was optimized. Furthermore, whenever the visitation sequence was optimized, the resulting solutions did not show much difference between the distance-and time-optimized versions.
Strengths of the Transportation Network Model
The average road speed varied by road type; hence there was a remarkable difference when an analysis was optimized for distance as against an analysis optimized for time. The transportation duration parameter was modelled with a Visual Basic script as against the more conventional rigid modelling using a rather static attribute field of the road network feature class. This makes it easier to vary the average transportation speed for different road types while considering different modelling scenarios. The modelling accounted for comprehensive routing directions through the network while visiting all the points of interest. In addition to producing realistic travel time results, the analysis was based on a rich set of geographic data and as such contained street names and street types as well as the names of the tourist sites.
Options for Improving the Transport Network Model
The current transportation network model for this article could be improved in the following ways: factor-in traffic congestions on different road segments as well as variations in congestions for different times of the day (i.e. peak & off peak periods). Model turn restrictions/delays at road junctions including u-turns. For instance, in Nigeria, driving is on the right hand side of the road; therefore, right turns at junctions are usually faster than left turns. Also, based on the traffic specifications at certain junctions, left/right turns have been prohibited at selected road junctions. Consider one-ways as well as capacity constraints on various types of roads (i.e. certain types of vehicles are restricted on certain road because of their size or tonnage). Wide roads with multiple lanes would pose a special challenge, especially where there is a barricade (or non-cross lines) between the lanes. Modelling overpasses and underpasses (i.e. fly-overs) makes the network model more robust. Factor in take-off and arrival times for different days; visitation duration for each site as well as the opening or operation hours of the sites (as in the case with Kolyaise et al. [2] ). Other cost factors that could be considered include amount of fuel consumption for cars or motorcycles, transport fare for motorcycles and taxis, calories burnt trekking or cycling etc. The network model could also account for other modes of transport, like walking, cycling, motor cycling, and lorries.
Furthermore, an optimal route planning analysis could be hosted as a geo-processing service on the internet thereby serving as a spatial decision support system (SDSS) for real time itinerary planning for the public. For a developing country (like Nigeria) with very low utilization of geographic information technologies, such SDSS will not only increase the public's awareness and interest in the technology, it will also help to justify and promote public spending in the diverse application areas of geographic information technology for societal benefit. Furthermore, it will foster the routine collection of high quality, detailed & up-to-date geographic information especially about manmade features which are currently sparsely available. Such datasets once collected could readily be applied to several other uses beyond those for which they were originally created. features as these often requires extensive fieldworks. Also, the availability of such geographical datasets will invariably create the opportunity for other interesting applications.
Benefits/Merits of GIS-Based Optimal Tour Planning
Some of the benefits of a GIS-Based optimal tour planning include: Faster and optimal decision making leading to increased efficiency and productivity of in- Savings in money spent in paying for public transport results directly from taking an optimal route and indirectly from many of the aforementioned advantages. There is also the savings in human energy (calories) that would have been wasted in decision making or in taking a less optimal route. Reduction in the wears and tears to transportation routes also increases the life span to the roads and helps save public funds that would have been used for road maintenance.
Other Potential Applications of GIS-Based Optimal Tour Planning
GIS-based network analyses can be applied to all forms of multi-site itinerary planning by both private individuals and public institutions. 
Conclusions
Because the study area is made up of different road types with varying transportation speeds, it was possible to get different results when optimizing for time and distance. Road congestions and some of the other cost variables mentioned in previous sections of this work could serve as other bases for optimization.
Time-optimized versions of the various scenarios will be useful in emergency situations like health-related emergency transportation by ambulances as well as evacuation and rescue missions during disasters.
Though popular in developed countries (often hosted as services on the internet), existing route planning web sites application are not dynamic enough to capture the different scenarios in which tourists (or commuters) may be interested. Besides, those existing implementations leave rooms for improvements in the light of some of the suggestions proposed in this work.
